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NO, CONTROL ON COMBINED CYCLE TURBINES
I ssues Regarding the Use of Selective Catalytic Reduction in Attainment Areas
for Dry Low NOx Natural Gas Combined Cycle Turbines

Introduction

This paper isareview of issues brought to EPA’s atention as aresult of severa recent
controverses involving state permitting agencies, utilities, and turbine manufacturers over appropriate
best available control technology (BACT) controls for NO, at natural gas combined cycle turbines for
electric power generation. It isintended as background to a guidance issued by John Seitz, Director of
the Office of Air Qudity Planning and Standards entitled, “ Congideration of Collatera Environmenta
Impacts Associated with the Use of SCR at Dry Low NO, Combined Cycle Naturd Gas Turbines’,
dated . That guidance discussesissuesthat related to collateral environmenta impacts
asociated with the use of of Sdlective Cataytic Reduction (SCR) that are gppropriate to consder as
part of aBACT determination at combine cycle natura gas dry low NO, turbines. This paper provides
additiond technica information on those collateral impacts. 1t dso provides more generd background
information related to the structure and functioning of the ectric utility industry and on dry low NO, as
apollution prevention technology.

SCR is often consdered BACT for limiting NO, emissonson naturd gas combined cycle
turbinesin ozone atainment areas. Some have argued, however, that dry low NO, (DLN) turbines
should not need to gpply SCRin attainment areas  Even though SCR, when used with dry low NO,
turbineswould limit NO, emissonsto below the level of adry low NO, turbine done, they argue that it
may be environmentaly preferable to operate these turbines without SCR. The cost of SCR, they
argue, may mean that, if these turbines must use SCR, more dectricity will be produced by dirtier plants
and therefore total NO, emissions would increase, not decrease. Further some have argued that the
ammoniathat is required for SCR to operate hasits own set of environmenta problems that outweigh
any benefit of the smadl increment of NO, reduction that is achieved by putting SCR on dry low NO,
turbines. Also, the dry low NO, turbine is a pollution prevention technology thet limits NO,, formation
unlike SCR which is designed to control NO, that has been formed. Preventing pollution rather than
controlling it isthe Agency’s and the Federad government’ s stated preference.

Pollution control technologies and NO, control technologies specificdly are evolving rapidly.
New technologies that may eventudly replace SCR are dready becoming available and anew
generation of combined cycle turbinesis being designed. Each will haveits own set of issues that may
make them more or less suitable for agiven plant and location when they are used in an ozone
attainment area. A ste pecific BACT analyssis meant to alow the permit gpplicants and permitting
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authorities an opportunity to review thoseissues. This paper reviews the issues that have been raised
concerning SCR and dry low NO, turbines.

Background on NO, Control

Combined cycle naturd gas turbines that are widely available today produce less NO, than
other types of fossl fud dectricity generating plants GE will conditiondly guarantee that its DLN
turbines will emit no more than 9 parts per million (ppm) of NO,. Other manufacturers turbines
typicdly emit up to 25 ppm NO, and are usudly permitted at between 2.5 ppm and 4.5 ppm with
SCR. A GE DLN turbinewith SCR will aso emit NO, in the 2.5 ppm to 4.5 ppm range. Exhibit 1
compares these emission concentrations to emisson rates in units of tons of NOy per year for typical
200 MW power plants operating at 100% load for 80% of the year. Exhibit 1 aso comparesthe
emission concentrations and emission rates of combined cycle naturd gas plants to those for cod fired
power plants of the same generating capacity that are uncontrolled and those that comply with the 1998
SIP cdl’sleves of NO, control.

Exhibit 1
NO, Emissions
Representative 200MW Coal and Natural Gas Combined Cycle Power Plants

Plant Type/ NO, Emissions Approximate NO, Approximate Tons of NO,
Concentration (ppm) Emitted per Year
Exiding Cod Plant 240 3000
Cod Plant with SIP Cdll Leve 90 1100
of Control
F Class Naturd Gas Combined 25 420
Cycle Plant without SCR
F Class Naturd Gas Combined 9 150
Cycle Dry Low NO,, without
SCR
F Class Naturd Gas Combined 35 60
Cycle with SCR




DRAFT FOR PUBLIC REVIEW
DOES NOT REPRESENT OFFICIAL EPA POLICY

SCR isawidely used technology for controlling NO, emissons from awide variety of
stationary combustion sources. SCR sdlectively reduces NO, emissons by injecting anmoniainto the
exhaust gas upstream of a catayst where the NO, reacts with the ammonia and oxygen to form N, and
water. SCR is mogt effective within a certain temperature range and higher or lower temperatures and
other operating conditions can cause some of the NO, and ammoniato pass through the catdyst
without reacting. Catalysts degrade eventudly and that aso can cause ammoniato pass through the
catalyst unreacted.

Theammoniathat is emitted is called the anmoniadip. Plant operators can minimize the
ammoniadip by replacing catdys asit degrades. Some Sates specify alimit for the ammoniadip,
usudly between 5 ppm and 10 ppm, in permits for combined cycle naturd gas turbines. Plants operate
well below the limit for most of time they are operating S0 as not to exceed the permitted limit.

NO, control technology isevolving. For example, ABB Alstom Power recently announced the
availability of SCONOX , aNO, control technology that does not depend on ammonia This
technology is currently consderably more expensive than SCR and it has not yet been used on large
combined cycle naturd gas turbines.

The Legal Background: BACT in the Clean Air Act

Best available control technology, or BACT, is required for new or modified mgor sourcesin
order to prevent significant deterioration of air qudity in attainment aress* The Clean Air Act dlows
permitting authorities to weigh environmenta, energy and economic concerns againg the proven
environmenta benefits of technologies such as SCR in making BACT determinations in order to
determine whether aless effective technology for NO, control is warranted in specific cases. Seelinre
Kawaihae Cogeneration Project, 7 E.A.D. 107 at 115-119 (EAB 1997).

The Clean Air Act defines “best available control technology,” or BACT, as

[A]n emisson limitation based on the maximum degree of reduction of each pollutant subject to
regulation under this chapter emitted from or which results from any mgor emitting facility,
which the permitting authority, on a case-by-case basis, taking into account energy,

n non- attainment areas new and modified sources have to meet a different standard, Lowest
Achievable Emissons Rate, or LAER, which isnot discussed in this paper.
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environmental, and economic impacts and other cogts, determines is achievable for such facility.
42 U.S.C. 8§ 7479(3).

Taking these “ collaterd” impacts into account, the permitting authority may reject the most effective
contral technology as BACT, but only in limited circumstances. In re Columbia Gulf Transmission Co.,
2E.A.D. 824, 827 (Adm'r 1989)("[T]he collateral impacts clause operates primarily as a safety vave
whenever unusua circumstances specific to the facility make it appropriate to use less than the most
effective technology."); In re World Color Press, Inc., 3 E.A.D. 474, 478 (Adm'r 1990) ("[T]he
collateral impacts clause focuses upon specific loca impacts which congtrain a particular source from
using the mogt effective control technology."). More specificaly, with respect to the consideration of
collaterd environmental impacts, the Environmenta Appedals Board has explained that the definition of
BACT has been interpreted to mean that "if application of a control system results directly in the release
(or removal) of pallutants that are not currently regulated under the Act, the net environmenta impact of
such emissonsis digible for condderation in making the BACT determination.” Kawaihae, 7 E.AA.D. at
116, citing 1n re North County Resource Recovery Associates, 2 E.A.D. 229, 230 (Adm'r 1986).

A decison by a permitting authority to rgect the most effective control technology, due to
environmenta concerns, must be based on sound evidence that the environmental concerns associated
with the use of this technology outweigh the benefits. Thusfor, example, in Kawaihae, the EAB
rglected aclam “that purely hypothetica catastrophic failure of the SCR ammonia system...warrants
further consderation asa‘collaterd environmenta impact’ in [the State€ s BACT andyss” 7EA.D. a
117. The State had congdered the risks associated with the use of ammonia and found them to be
minima. The EAB, dso found that the source mugt use the mogt effective technology unlessit is
demondtrated to the permitting authority's satisfaction that unique circumstances specific to the facility
would make the use of that technology inappropriate.  Similarly, the New Source Review Workshop
Manud (Draft 1990) makes clear that if a control technology has been gpplied to smilar facilities
elsawhere, it may gill be rgected as BACT if the permit applicant can show that unusua circumstances
at the proposed facility create greater problems than experienced elsewhere? In the same way, if the
permit applicant can convincingly show evidence that the environmenta impacts associated with a
control technology outweigh the benefits, that can be taken into account in the BACT determination.
Thus, a permitting authority could gppropriately conclude that BACT in a specific case was DLN
turbines without additiona controls for a combined cycle gas turbine if a case-by-case assessment of
the environmenta, energy, and economic impacts demondrates that the collateral environmenta
impacts associated with a control technology such as SCR outweighed the benefits of additional NOx
reduction.

2U.S. EPA, NSR Draft Manud a B.47.
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Pollution Prevention and DLN Turbines

The Pollution Prevention Act of 1990 made pollution prevention anationd policy god.2 The
1990 Act assarts that reducing pollution is fundamentally different from and preferable to controlling
emissons. Thispoalicy is affirmed in the Adminigrator*s Policy Statement on Pollution Prevention,
which states that “pollution should be prevented or reduced at the source whenever feasble’ and cites
the importance of encouraging the private sector to commit resources to pollution prevention.* In the
long run, encouraging continued investment in the development of pollution prevention technology may
have a very important environmental benefit.

DLN turbines are the result of the type of private industry investment that the Agency seeksto
encourage. The DLN turbines were developed by GE in cooperation with the U.S. Department of
Energy (DOE) with the specific god of achieving acceptably low emissons without the use of post-
combustion controls. The gods of the DOE program were to develop a turbine with less than 10 ppm
of NO, emissons. Protection of public hedth and the environment is of paramount concern, but the
potentia future public health and environmenta benefits of encouraging the development of cleaner
technology, such asthe DLN turbines, merits attention.

Background on Displacement and Effects on NO, Emissions

Because DLN combined cycle dectric generating plants emit only very smal amounts of NO,,
and because of the market in which they operate, the effect of requiring SCR or other add-on NO,
controls on these turbines may be to increase rather than decrease NO, emissions. Although this may
seem counter-intuitive, it makes sense when considered in the context of the market in which eectricity
isgenerated today. To fully understand the impact of requiring controls on a unit or plant it isimportant
to look at that unit or plant not just individudly, but to look at the unit or plant as part of alarger system
becauseit is operated, as part of a system.

344 U.S.C.8813101(a) (4).

4 Carol M. Browner, New Directions for Environmental Protection, US EPA, June 15,
1993.



DRAFT FOR PUBLIC REVIEW
DOES NOT REPRESENT OFFICIAL EPA POLICY

Until recently, the electricity generation market was regulated. Prices were set by government
bodies rather than in the a competitive market. Those prices generdly adlowed power producers to
pass the costs of generating dectricity on to consumers. Over the past few years, however, market
regulation of eectricity generation has been lifted in anumber of places and thereis atrend toward a
competitive market for eectricity. In acompetitive market, electric power generators can no longer
pass on dl of thelr coststo their customers because higher prices mean fewer sdes. They have an
incentive to keep their generating costs to aminimum. Under market regulation, new plants were built
mainly to meet new demand. In a competitive market, the incentive to produce eectricity more chegply
means that generators build new plantsin part to meet increased demand, but aso in part, because new
naturd gas combined cycle plants produce eectricity more chegply than many older stleam generating
units.

Aswith other competitive industries, changes in capital and operating costs associated with
requirements for pollution control devices can have an affect on decisons about whether new plants will
be built in the eectricity generating industry. But to amuch greater extent than other industries,
eectricity generating indudtry is able to respond quickly and effectively to very smal changesin the cost
of eectricity production by adjusting the order in which individua plants are dispatched to the grid.
Electric power is digpatched generdly in order of the least expensve power first. Thus those plants that
produce power at the lowest cogts are operated most often. Plants that produce more expensive
power are operated only in periods of peak demand.

New natura gas combined cycle units are digpatched before plants that are more expensive to
operate. Adding SCR to anatura gas combined cycle turbine increases its capital costs and operating
coss. Theincreases are modest and therefore have a modest effect on the number of unitsbuilt. An
increase in operating costs dso is reflected in alower dispatch order so that even very smal increases
mean that the generating unit is run less often and the difference is made up by another unit that isless
expensveto operate.  Often these less expendgve plants emit more NOx and than naturd gas
combined cycle generation with or without SCR.

The implications of requiring SCR on combined cycle turbines can be andyzed with the
Integrated Planning Model (IPM)®. EPA’s Office of Air and Radiation published areport in March of

>The Integrated Planning Model predicts the actions of power plant operators over timein
response to dternative levels of air pollution controls. It was developed by ICF Resources as a
commercid cgpacity planning tool and for policy gpplications over wide geographic areas or for the
entire country. EPA has used thismode extensvely to analyze the emissions reductions and costs for
the dectric power industry under avariety of policy options.

6
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1999, that used the IPM to examine emissions of NO,, SO,, CO,, and mercury from the eectric
power industry under a set of hypothetical pollution control scenarios® In the course of that effort, an
andysis was made comparing the total NO, emissions across the country with and without a
requirement that SCR be used on combined cycle gasturbines.” The results of the andysis for the year
2010 are shown below in Exhibit 2.

Exhibit 2
2010 Annual National Capacity, Generation and NO, Emissions
With and Without SCR on Combined Cycle Natural Gas Units.®

SCR Required SCR Not Required
Tota CC capacity (MW) 112,161 115,224
Totd cod, oil and gas Seam 473,397 470,486
capacity (MW)
Totd CC generation (GWh) 622,008 634,475
Totd cod, oil and gas Seam 2,251,443 2,238,869
generdion (GWh)
Total NO, emissons 4,147,240 4,132,113

The andysis forecasted dightly lower NO, emissons nationdly from al utility sources when
SCRis not required for new combined cycle gas turbines. When SCR isrequired, less combined cycle
capacity is congructed and less existing combined cycle capacity is used for generation. Thus, more

®EPA.1999. Analysis of Emissions Reduction Options for the Electric Power Industry,
Office of Air and Radiation, Washington, DC, March 1999. Available a the web ste:
WwWw.epa.gov/capi.

"The results of that analysis, presented here, were not included in the published report.

8Among the assumptions used for this analysisis that sources will have complied with federd
regulations that had been promulgated at the time the report was published including phase two of the
acid rain program and the NO, SIP call. For afull discusson of the assumptions used in the study see
the study or www.epa.gov/capi.



DRAFT FOR PUBLIC REVIEW
DOES NOT REPRESENT OFFICIAL EPA POLICY

power is generated by higher emitting sources and tota NO, emissions are higher when combined cycle
gas plants are required to use SCR.

The reaults of the andlysis presented in Exhibit 2 show a modest increase in NO, emissonsasa
consequence of requiring SCR on combined cycle turbines. These results suggest thet a policy that
requires these relaively low NO, emitting sources to apply SCR does not necessarily reduce national
NO, emissons. Rather it may reduce the amount of combined cycle capacity and generation in favor
of other less clean existing generation which could, on a nationd basisincrease, or at least not decrease,
NO, emissions. Generdly, natural gas combined cycle generation aso produces lower levels of other
pollutants than the generation it digplaces, including lower SO,, mercury and CO, emissons. Soa
policy that reduces the use of this lower emitting generation could have a negative impact on air quaity
nationdly from that perspective aswell.

The results discussed consder nationd emisson levels. Regiondly the results vary somewhat
S0 that in some locations requiring SCR on combined cycle units may reduce NO, emissons dthough
on balance they do not.

Furthermore, the relationship between NOx emissions and ozone formation is not linear.
Smaller sources of NO, emissions are more efficient at producing ozone than are large sources of NO,.
The difference in emissionsis larger than the difference in ozone formation.® So the analysis presented
here may overdate the air quality benefit of not requiring SCR on combined cycle turbines.

It is useful to keep these issuesin mind when considering the more Site specific environmenta
congderations, discussed below, that may affect aBACT determination.

Site Specific Tradeoffs of NOy and Ammonia Emissons

This section isadiscussion of collaterd environmenta impacts that are gppropriate to consider
concerning the use of SCR for DLN combined cycle turbinesin making a case-by-case BACT
determination, if they brought to the permitting authority by the gpplicant. In the case of DLN turbines
with and without SCR, the changein NO, emissons (gpproximatdy 5.5 ppm of NOy) isamdl in
comparison to NO,, emissions from other types of combustion power plants, and therefore, it is
important to compare the impacts from thisincrement of NO, emissonsto the smdl amount of

*Ryerson, T.B., M.P. Buhr, and F.C. Fehsenfeld (1998). Journal of Geophysical Research, D.
Atmospheres, 103(17):22569. September 20, 1998.

8
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ammoniadip emissons that result from the use of SCR (often lessthan 5 to 10 ppm of ammonia).

The tradeoffs between NOy and ammoniaemissons are not smple. Both NOy and anmonia
are acutely toxic; both contribute to fine particle formation, acidifying deposition, eutrophication, and
enrichment of terrestria soils; and both may be converted to nitrous oxide (N,0), a powerful
greenhouse gas. In addition, NOy (as NO,) isachronic toxin and an essentid precursor for the
formation of tropospheric ozone. The contribution of NOy or anmonia emissons from asingle facility
to any of these environmentd problemsis primarily determined by exigting levels of NOy and ammonia
in the area of a source and the availability of other pollutants in the atmosphere that react with and
transform the emitted oxidized or reduced nitrogen.

With respect to comparing the incrementa impact of a new source to the overdl inventory of
NOy or anmoniaemissons, it isimportant to redize that the emissons inventories of both pollutants
are not of equd qudity. While NOy emissons and ambient concentrations are measured routingly,
there islittle data available on ambient ammonia concentrations and the emission inventories for
ammonia are highly uncertain. Agricultura operations are the largest source of anmonia emissons
nationwide, however urban areas may have significant anmonia emissons from industria sources, as
well as from catalyst equipped automobiles?

Each of the potentid environmentd problems associated with NO,, and anmoniaemissonsis
discussed quditatively below.

Tropospheric Ozone

NOy isan essentia precursor to the formation of ozone, which isformed through a series of
reactions of NOy and volatile organic compounds (VOCs) in the presence of sunlight. More
specificaly, ozone isformed through the photolysis of NO, to NO. Instead of playing adirect rolein
the formation of ozone, the presence of VOCs affect the efficiency with which NOy forms ozone.
VOCs are oxidized in achain of reactions that recycles NO to NO, o that it can be photolyzed again.
The efficiency of this system of reactions (i.e., the number of ozone molecules produced per molecule
of NO,) islargdy afunction of the amount and composition of the VOCs that are present and the
avalability of sunlight. This photochemica recycling continues until the NOy is converted to nitric acid

Fraser and Cass (1998) demonstrated that catal yst-equipped automobiles in the South Coast
Air Basin surrounding Los Angeles emit between 24 and 29 tons of ammonia per day, which is11-
18% of the totad ammonia emissons and equivaent to the emissions from dl of the livestock operations
inthe Basin. Environmental Science and Technology, 32(8):1053-1057.

9
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(HNO;) or an organic nitrate, such as peroxyacetylnitrate (PAN).

While nitric acid readily deposits on surfaces or dissolvesin cloud or fog water droplets, PAN
isrelaively inert and can be transported long distances before thermally decomposing to recreate NO..
Thus, PAN actsas a“reservoir species’ that allows the nitrogen to be transported over 100's of
kilometers, projecting the impact of emissons regiondly, far beyond the immediate source area

The impact of NOy emissons on ozone concentrations are functions of the levels of NOy,
VOCs, and sunlight that are available, and the impacts may be different on the locd scde than on the
regiond scae. As noted above, the efficiency of ozone formation in smal NOy plumesis greater than
that in large NOy plumes, such that a small emission source may produce the same pesk concentration
that results from alarger emisson source. Thus, the nonlinearity of photochemistry can require large
NOy emission decreases to achieve smal improvementsin ozone air qudity. In ozone nonattainment
aress and attainment areas that are immediately upwind of nonattainment or Class | areas, the impact of
NOy emissons on regiona ozone concentrations should be an important consderation in any permitting
decision.

Fine Paticles

Both NOy and ammonia emissons contribute to the formation of fine particles. Asthe primary
chemica base in the amosphere, the primary fate of anmoniais the neutrdization of acids ether in the
gas, liquid, or particle phase. Ammoniareacts preferentidly with acid sulfate aerosols, which are
formed from the oxidation of SO, emissons. The acid sulfate aerosols, which may contain sulfuric acid
or anmonium bisulfate, react with anmoniato form ammonium sulfate particles, (NH,),SO,. This
reaction increases the mass of the sulfate particles and increases the rate of formation of particles by
increasing the rate of SO, oxidation.** Ammonium sulfate is the dominant form of ammonium aerosols
and aprimary condtituent of fine particle concentrationsin many parts of the U.S,, particularly in the
Ead.

Ammonia aso reacts with nitric acid, derived from NO, emissions, to form ammonium nitrate
particles, NH,NOs. In areas where SO, emissions are low, as in some areas of the West, ammonium
nitrate particles are the dominant component of fine particle concentrations. Ammonium nitrate
formation is more prevaent under cooler and drier conditions and, thus, plays an important role in
vighility impairment during the winter months. Under these conditions, fine particles can be decreased

1See Weber, R.J, et d., (1999). Geophysical Research Letters, 26:307-310.

10
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by controlling either the NOy or the ammonia emissions, whichever ismore limiting. In ammonia-rich
aress, controlling ammonia has little effect on fine particle formation, and NOy control has more of an
impact.’? However, in some situations, fine particle concentrations may exhibit nonintuitive sengtivities
to NOy controls due to the linkage between nitric acid formation and the complex oxidant
photochemistry described above.’®

While both nitric acid and ammonia readily deposit on surfaces or dissolvein cloud or fog
water, ammonium nitrate and ammonium sulfate do not deposit as quickly. Therefore, once the NOy or
ammonia has been converted to fine particles, it may be trangported much farther downwind.

The sengitivity of particle formation to changes in anmoniais dependent on the ambient
concentrations of ammonia, nitric acid, and sulfate, as well as rdative humidity and temperature. In
urban areas where the ambient concentrations of sulfuric acid, from SO, emissions, or nitric acid, from
NOy emissons, are high, and anmonia emissons are rdaivey low, anmoniaemissons are likely to
increase fine particle formation. In rura areas where sulfuric and nitric acid concentrations are low and
ammoniaemissons are high, an incrementa increase in ammonia emissons may have little impact on
fine particle formation.

Acidifying Depostion

In the atmosphere, NO, contributes to the formation of acid aerosols, while anmonia
neutralizes atmospheric acidity. Once deposited, however, derivatives of both NOy and ammonia can
contribute to the acidification of terrestria soils and surface waters.

While sulfuric acid derived from SO, emissonsiis the most important contributor to chronic
acidification in the eastern U.S,, nitric acid, derived from NOy emissons, isasgnificant contributor to
dry or wet acidic deposition nationwide. The relative importance of nitric acid deposition as compared

2The Northern Front Range Air Quality Study showed that the Denver area was So ammonia-
rich that a 50% decrease in anmonia emissions would result in only a 15% decrease in fine particle
formation and a doubling of anmonia emissons would have a negligible effect. [Watson, JG., et d.
(1998). Northern Front Range Air Quality Sudy Final Report. Reno, NV: Desert Research
Ingtitute]

1Bpyn, Betty K. and Christian Seigneur (1999). Under standing Particuate Matter
Formation in the California San Joaquin Valleyan Joaquin Valley: Conceptual Model and Data
Needs. Atmospheric Environment 33(29):4865.

11
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to sulfuric acid deposition varies according to geographic location, season, and nature of the acidifying
event.

When deposited on sail, nitric acid contributes a hydrogen ion and anitrate ion to the sail. I
the nitrate ion is taken up by plants, the nitrate ion is replaced by a hydroxide ion, which neutraizes the
hydrogen ion, and no net acidification occurs. If the nitrate is not taken up by plants, the hydrogen ion
is not neutralized and contributes to acidification. Thus, nitric acid deposition contributes to episodic
acidification associated with soring snow met or storm runoff when plant uptake is not possible and
chronic acidification where the ability of the ecosystem to utilize the nitrogen input has been exceeded.
Therefore, nitric acid deposition is a more important contributor to acidification in the West than in the
East due to the nature of soils, and more important during winter than in summer due to the
accumulation in snow pack. '

As noted above, ammonia dissolves in cloud water to form ammonium ions in solution or reects
with acids to form neutra ammonium sdts. Once depogited on soils, ammonium ions are primarily
taken up by plants, which in turn release a hydrogen ion, contributing to acidification. Ammonium ions,
however, may be converted to nitrates by microbes in a process known as nitrification. Inthis
conversion, two hydrogen ions are released for every ammonium ion nitrified. If the resulting nitrate ion
is taken up by plants, the plants will release a hydroxide ion neutralizing one of the hydrogen ions
produced in the conversion. If the nitrate is not taken up by plants, both hydrogen ions contribute to
acidification. Thus, ammonium deposition usudly contributes to chronic acidification and can be an
especialy sgnificant contributor to episodic acidification when deposited on snow where microbid
nitrification can occur but plant uptake is not possible.

When deposited on weater, anmonia or ammonium ions may stay in solution as ammonium ions,
be taken up directly by aquatic plants, undergo microbia nitrification contributing to acidificetion, or
undergo subsequent microbid denitrification increasing the pH of the water. Any nitrogen input into an
aquatic systemn will have an effect on the dkalinity, or acid neutrdizing capacity, of the water.

However, the direction and magnitude of the effect is dependent on both the form of nitrogen deposited
and the chemica and physica properties of the water body. The nutrient effects of nitrogen depostion
are discussed in the following section.

The extent to which either ammonium ion, nitrate, or nitric acid depostion affect the

14U.S. EPA (1995) Acid Deposition Standard Feasibility Study Report to Congress.
Washington DC: Office of Air and Radiation, EPA 430-R-95-001a
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acidification of soils or surface waters in a given location depends on a number of Ste-specific
variables, including the level of nitrogen saturation of the ecosystem; the compostion of the soil,
including organic matter and base cation concentrations; and the acid neutrdizing characteristics of the
water body. Asin the case of fine particle formation, it is difficult to generadize about whether NOy or
ammoniais more damaging. With respect to chronic acidification, nitric acid deposition only
contributes to acidification where the soil is saturated with nitrogen, whereas ammonium ion deposition
contributes to acidification where the soil is not nitrogen saturated. The extent of nitrogen saturation
across the United States is uncertain, but there is some empirical evidence of nitrogen saturation in
some locations.™> With respect to episodic acidification, nitric acid is an important contributor, but
ammonium ions can actudly have twice the impact of nitric acid on amolar basisif the ammonium is
nitrified in the snow pack. Given these effects, it gppearsthat there are a least some Stuations where it
would be more important to limit emissons of ammoniathan to limit emissons of NOy to avoid impacts
of acidification.

Nitrogen Deposition and Eutrophication

When oxidized or reduced nitrogen is deposited on soils or surface waters, the nitrogen serves
asabiologica fertilizer, regardiess of whether the nitrogen came from NOy or ammoniaemissons,
respectively. In surface waters, especidly coastal waters and estuaries, nitrogen deposition stimulates
the growth of organic matter, an effect known as eutrophication. The results of eutrophication include
the growth of dga blooms and the depletion of dissolved oxygen, both of which can be toxic to higher
marine and estuarine plants and animas. Similar effects occur in terrestrid ecosystems when nitrogen
supply exceeds plant and microbia demand. Nitrogen saturation of soils may lead to impacts on
vegetation including changes in the uptake of nutrients, increased acidification, increased susceptibility to
damage or attack, atered reproductive processes, and ultimately, changesin species composition and
diversty. While the speed and mechanisms by which aguatic or terrestrid biologica systems make use
of the nitrogen may differ depending on whether the nitrogen isin oxidized or reduced form, the overal
fertilization effect isthe same. Thus, on the basis of these impacts, the tradeoff between NOy and
ammonia emissions should be made in favor of the option that decreases the total amount of oxidized or

15U.S. EPA (1995) Acid Deposition Standard Feasibility Study Report to Congress.
Washington DC: Office of Air and Radiation, EPA 430-R-95-001a. [Add other references that show
saturation, including Stoddard]

13
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reduced nitrogen being emitted.’®

With respect to the range of influence or potentia for long range transport, nitric acid, derived
from NOy emissons, and anmonia have smilar lifetimes in the atmosphere and, thus, smilar potentia
for long range transport. PAN and ammonium sulfate, however, are longer lived and can spread the
influence of both NOy and ammonia sources over awide area. Nationdly, asgnificant fraction of
NOy emissons come from the tall stacks of electric power plants and other combustion sources, which
prope the emissions high into atimaosphere, enabling the nitrogen to travel long distances before being
deposited. Ammonia emissions come primarily from ground level sources, such as agricultura
operations, and thus, the nitrogen contained in ammonia emissons tend not to travel asfar. In the case
of combined cycle natural gas turbines and associated control equipment, both NOy and anmoniaare
emitted from a stack and would have relatively smilar potentids for long range transport.

Globa Warming and Stratospheric Ozone Depletion

As noted above, to the extent that it reduces displacement of cod, oil and gas steam generation,
the addition of SCR on new natural gas combined cycle generating capacity may reduce the CO,
benefit of thistype of plant. Thereisaso anegligible power pendty associated with SCR of between
0.2 percent to 0.25 percent’’.

A smdl fraction of ammonia emissons, once deposited on soils, is converted by soil microbes
to nitrous oxide (N,0), a powerful greenhouse gas and a stratospheric ozone depleter. As described
above, soil microbes oxidize ammonium to nitrates in a process known as nitrification. Microbes
further convert nitrates to molecular nitrogen, NOy, and nitrous oxide in a process known as
denitrification. While some nitrous oxide is produced as a by-product during nitrification, denitrification
isalarger source and acts equally on nitrates regardless of whether the nitrogen originated as NOy or

18n terms of nitrogen emitted, 1 ton of anmoniais equa to 1.7 tons of NO and 2.7 tons of
NO..

7 Investigation of Performance and Cost of NO, Controls As Applied to Group 2 Boilers,
US EPA, August 1996, (Docket A 9528, IVA-4). The Proposed New Source Performance Standard
for NO, for New Fossil-Fud Fired Steam Generating Units assumes an efficiency of 32% with an
energy pendty of 0.4 percent for SCR on cod-fired power plants. Assuming the efficiency of naturd
gas combined cycle plants to be 50 percent the corresponding energy pendty for SCR would be 0.25
percent. (62 FR 36958, July 9, 1997)
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ammonia. On the basis of impacts associated with nitrous oxide, once again, the tradeoff between
N Oy and ammonia emissions should be made in favor of the option that decreases the tota amount of
oxidized and reduced nitrogen being emitted.

Ammonia Safety

Some permit gpplicants and turbine manufacturers have cited ammonia safety concerns as an
issue that mitigates the benefit of using SCR to control NO, on natura gas combined cycle eectric
generaing turbines. Ammoniaisidentified by EPA as an extremely hazardous substance.®® It istoxic if
swallowed or inhaled and can irritate or burn the skin, eyes, nose or throat. Vapors may form an
explosve mixture with ar. None-the-less, anmoniais acommonly used material. OSHA regulations
require that employees of facilities where ammoniais used be trained in safe use of anmonia, and it is
typicaly handled safely and without incident.'® Facilities that handle over 10,000 pounds of anhydrous
ammoniaor more than 20,000 pounds of ammoniain an aqueous solution of 20 percent ammonia or
greater must prepare a Risk Management Plan (RMP) and implement a Risk Management Program to
prevent accidenta releases. The RPM provides information on the hazards of the substance handled at
the facility and the programs in place to prevent and respond to accidental releases. The accident
prevention and emergency response requirements reflect existing safety regulations and sound industry
safety codes and standards. The Chemical Emergency Preparedness and Prevention Office (CEPPO)
received RMPs from 97 eectric generating facilities that use ammoniato control air emissons.
Facilities that have filed RMPs report storing ether anhydrous ammonia or agueous ammonia

Industry sources were unable to provide information on ammonia related accidents as a result
of SCR use and the Indtitute for Clean Air Companies is unaware of any releases of ammonia used for
catalytic control that resulted in aworkplace injury. CEPPO’s RMP database, however, reports that of
the 97 power plants that prepared Risk Management Plans atota of six accidenta releases ammonia
were reported at three facilities usng anmoniafor catdytic control Snce 1992. Thisis a somewhat

18 NO, isdso toxic if inhaled in high enough concentrations. The EPA has set aprimary and
secondary Nationd Ambient Air Quaity Standard (NAAQS) for NO, equd to an annud arithmetic
average concentration not to exceed 100 ug/m3. While potentid violations of the ambient standards for
NOy should be taken into consderation in any permitting decision, these levels are high enough that it is
unlikely that the types of emissions being considered here will violate the NO, standards.

¥Chemical Emergency Preparadness and Prevention Advisory, USEPA, September,
1991, (OSWER 91-008.2).
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better record than the overal accident record for al substances for facilities that submitted RMPs.
There were no deaths or environmental damage reported for the ammonia related accidents but there
were 12 reported injuries.  All of the facilities that reported accidents were handling anhydrous
ammonia. GE reports that plants “typicdly” transport and store ammoniain aqueous form.

As discussed earlier, the Environmental Appeals Board, in reviewing achdlengeto aBACT
determination requiring the use of SCR, In Re Kawaihae Cogeneration Project, 7 E.A.D. 107, 116
(EAB 1997), addressed the issue of possible catastrophic releases of ammonia.  In upholding the
permitting authority’ s decision to require SCR, the Board held that the permit applicant hed failed to
show that “any facility anywhere utilizing SCR technology had experienced such a catastrophic failure”’
nor, that there were unusua circumstances specific to the facility that would make ammonia safety
concerns a compel ling reason not to use SCR.

Wade |ssues

The use of SCR systems resultsin spent catalyst waste. The amount of spent catalyst waste
generated is dependent on the amount of catalyst used,® the life of the catalyst, and the amount of
recycling of spent catalyst that occurs.

Catalysts need to be replaced when they degrade to the point that they cease to function
effectively. When used with combined cycle gas turbines, it becomes necessary to replace catalyst
mainly because of therma degradation. Conservative cost estimates assume thet catalyst life for these
unitsisabout 7 to 10 years. However, red experience indicates that SCR catalysts can last much
longer on gasturbines! In addition, coa-fired units have easily achieved catayst lives of 7 years?,
thus a gas-fired unit should be expected to achieve alonger catalys life.

“Note that using more catadys resultsin lower NO, and ammonia dip emissions, but higher
costs and more spent catalyst waste.

2L Onethefirg ingtdlations of SCR on an al naturd gas-fired turbine occurred in 1986 is ill
operating without catalyst replacement. The anmoniadip was origindly at 2 ppm and is now operating
with adip of 4 ppm. Teephone contact on February 15, 2000 did not wish to be identified by name or

company.

22 Performance of Selective Catalytic Reduction on Coal-Fired Seam Generating Units,
US EPA, June 1997.
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Given low catalyst replacement rates, SCR users must dispose of spent catdyst very
infrequently. Mogt catayst manufacturers offer adisposa service for spent catalyst. Catalyst
manufacturers can reactivate the catalyst for reuse, or recycle catalyst components for other uses or
dispose the catalyst aswaste?® Currently, no datais available on how much catayst is recycled or
reused and how much is disposed of aswaste. Spent catalyst is not alisted hazardous waste and
therefore (when abandoned) would only be subject to the hazardous waste regulations if it exhibits one
or more of the hazardous waste characteristics (i.e., ignitability, corrosivity, reactivity, or toxicity).?* In
generd, spent catalyst should not meet these hazardous waste characterigtics and therefore would not
be classified as a hazardous waste.

23 Sdlective Catalytic Reduction (SCR) Control of NOx Emissions, ICAC, November
1997.

24 Straus, M.A.., Memorandum to John L. Cherill. September 4, 1986.
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